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The d i s c o v e r y  among  n a t u r a l l y  o c c u r r i n g  m a t e r i a l s  of  a c o n s i d e r a b l e  n u m b e r  of  a c e t y l e n e  d e r i v a t i v e s  
has  been  r e p o r t e d  du r ing  the  l a s t  few y e a r s .  About  180 s u c h  c o m p o u n d s  have b e e n  i s o l a t e d  f r o m  the  h i g h e r  
p l a n t s  a s  we l l  a s  f r o m  m i c r o o r g a n i s m s  [1]. The compounds  a r e  of the  m o s t  d i v e r s e  s t r u c t u r e s  and a m o n g  
t h e m  o c c u r  a n u m b e r  of  a n t i b i o t i c s  and f u n g i c i d e s .  The a n t i b i o t i c s  inc lude  m y c o m y c i n  ( 3 , 5 , 7 , 8 - t r t d e c a t e t -  
r a e n - 1 0 , 1 1 - d i y n o i c  a c i d ,  CH =- C - C - C - CH =C =CH - CH = CH - C H =CH - CH 2 ~ CO2H), a g r o c y b i n  (8 -hy -  
d r o x y - 2 , 4 , 6 - o c t a t r i y n a m i d e ,  HO �9 CH 2 - C  ~ C - C  -~ C - C  - C  -CONH2)  , and d i a t r e t y n e  n i t r f l e  (nudic a c i d  
B ,  NC - C  -= C - C = C - C H  =CH - CO2H), wh i l e  of s p e c i a l  i n t e r e s t  in th is  c onne c t i on  is  c a p i l l i n  (I): 

C,H ~--CO--C==C---C~C---CH 
I 

(obta ined  f r o m  A r t e m i s i a  c a p i l l a r i s ,  Thunb. [2]) which  has  p r o v e d  to be one of  the  m o s t  power fu l  of the  c u r -  
r e n t l y  known f u n g i c i d e s .  V a r i o u s  a n a -  and h o m o l o g s  of c a p i l l i n  

R---CO--C~C--C~---C--R' R = Alk, Ar 

R--W_X)--C=C--CH~CH--R'  R = Alk, Ar 

a l s o  show b i o l o g i c a l  a c t i v i t y .  

The i n s t a b i l i t y  of t h e s e  p o l y u n s a t u r a t e d  c o m p o u n d s  g ives  r i s e  to c o n s i d e r a b l e  d i f f i c u l t i e s  in handl ing  
t h e m  and so  n a r r o w s  the cho i ce  of  m e t h o d s  wh ich  migh t  o t h e r w i s e  be  a v a i l a b l e  fo r  t h e i r  p r e p a r a t i o n .  S e e -  
ing,  h o w e v e r ,  tha t  the  t r i a l k y l s i l y l  g roup  is  known [3] to i n c r e a s e  the s t a b i l i t y  of  a c e t y l e n i c  c o m p o u n d s ,  we 
have  e x a m i n e d ,  and i ndeed  p e r f e c t e d ,  a new method  of us ing  v a r i o u s  such  s i l i c o n  d e r i v a t i v e s  fo r  the p r e p -  
a r a t i o n  of  p o l y u n s a t u r a t e d  c o m p o u n d s  r e l a t e d  to (I) and i t s  a n a l o g s ,  and having  the g e n e r a l  s t r u c t u r e :  

R, 
I 

R - - C O - - C = C - - C  = C H - -  R" 

R = Cells, CH3; R'  = CH,; R" = H 

O u r  p r o c e s s  is  shown in the  fo l lowing  f l o w s h e e t  d i a g r a m :  

I .C~H~ MgBr CH s CH a 
2.CHsCOCHs ] [ 

(C~Hs)sSiC-CH ~ (CmH~)sSiC -- C --  C --  CHs~(~Hs)sSiC -: C --  C 
! 

II Ill (~H IV 
CH~ 

RCOCI 
=CH, ~R--CO--C ~ C-- =CH, 

V 
a) R = CH 
b) R C,~ 

The me thod ,  as  c o m p a r e d  wi th  tha t  h i t h e r t o  a v a i l a b l e  [4], not  on ly  i m p r o v e s  the y i e l d  at  s t a g e s  ( l id  ( f o r m a -  
t ion  of the  ynol)  and (IV) (dehydra t i on ) ,  but  p e r m i t s  a l s o  of  the  p r e p a r a t i o n  of the ketone (V) f r o m  the h y -  
d r a t i o n  p r o d u c t  (IV) in a s i n g l e  o p e r a t i o n ;  the  o v e r a l l  y i e l d  of  e n d - p r o d u c t  i t s e l f  is  i n c r e a s e d  f r o m  26 to 50~c. 
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3-Methy l - l - ( t r i e thy l s t l y l )bu t - ' l - yn -3 -o l  ffiI) was obtained react ing t r ie thyls t ly lacetylene (II) with e thy l  
magnes ium bromide in e thereal  solution followed by condensation with acetone in the same solvent. Dehy~ 
dratton of (HI) to (IV) was ca r r i ed  out by warming  in benzene solution with a catalyt ic  amount of 4- toluene-  
sulfontc acid, while the subsequent rep lacement  of the t r ie thyls t lyl  residue by the benzoyl radical ,  to fur -  
nish (V), was effected by means of benzoyl chloride.  

The available l i t e ra ture  data [2] indicate that (i) and its analogs exerc i se  an i r r i tant  effect and can 
therefore  be used as fungicides only in vi tro.  Moreover ,  cer ta in  analogs of (I) a re  so unstable as not t o b e  
applicable in prac t ice  at all. For  these reasons  it appeared to us o[ in teres t  to p repare  and examine the 
biological action of t r ia lkyls i ly lacetylene derivat ives s t ruc tu ra l ly  analogous with (I). Compounds of this type 
have not hitherto been subjected to biological investigation, although it is known that many organic c o n -  
pounds of sil icon do show biological activity.  

The compound (VII), an analog of capillin {I) in which the methyl group has been replaced by the t r i -  
ethylstlyl  res idue,  was p repared  f rom 

RCOCt 
2(C=Hs)aSiC- CH-~(CzHs)aSiC-= C -- C ~ C -- Si(C~Hs)a -"-~ R -- CO-- C---C 

II VI VII 
- -  C =-C- Si(C=Hs) a 

(a) R= CHa, (b) R=C6H 5 

1 ,4-b is ( t r ie thyls i ly l ) - l ,3 -butadiyne  (VI) which, in its turn,  was obtained by the oxidative union of two mole-  
cules of (II) in methanol solution in the p resence  of a catalytic propor t ion of cuprous chloride [4]. We es tab-  
l ished that a t r ie thyls i lyl  group in (VI) could be replaced by aeyI or  benzoyl radica ls  just as an analogous 
react ion can be ca r r i ed  through with disi lylacetylene.  The result ing si lyldtacetylenic ketones (VII) could 
not be purif ied by distil lation in vaeuo or  by chromatography on alumina. The only sa t i s fac tory  method 
proved to be prepara t ive  chromatography  on si l ica gel. 

The si lyldiacetylenic ketones (VII) p repa red  by this method were  markedly  more stable than the s i l t -  
con- f ree  capillin analogs (Va) and (Vb), The compounds showed biological activity,  and since this could be 
connected ei ther  with the diyne feature of the molecule,  o r  else with the earbonyl group situated in the a -  
position to an acetylenie linkage, the prepara t ion  of compounds (IX) and (XI) was next undertaken in o rde r  
to sett le the issue. The compound (IX), 5 -pheny l - l -  (triethylsilyl) -5 -hep taen - l , 3 -d iyne ,  contains,  by cont ras t  
with the ketones (VII), no carbonyt group, while the compound (XI ) ,3 -pheny l - l - ( t r ime thy l s i ly l ) - l -p ropyn-8-  
one,As distinguished f rom (VII) by the presence  of only one acetylenie linkage. Compound (IX) was obtained 

C6H 5 - -  CO - -  C_= C - -  C _= C - -  Si(C~ Hs)a 
VII 6 

$ C2HsMgBr 

C6H5 
I 

(:H a -- CH 2 -- C -- C--_-C -- C~C -- Si(C~Hs) a 

VIII OH 

C6Hs 
I 

CH a -- CH=C-- C~C -- C_=C -- Si(C~H~) a 
IX 

(CH~)3SiC ~ C -- Si(CH~) a 
X 

~. CoHsCOCI 

Cell ~ -- CO -- C_~C -- Si(CHa)~ 

XI 

by condensing (VIIb) w~th a Grignard  reagent  (EtMgBr) followed by dehydration; compound (XI) was p repared  
by the interaction of b is - ( t r imethyls i ly l )ace ty lene  (X) with benzoyl chloride.  

Of the severa l  compounds examined for  biological activity,  only (IX) gave a negative result .  Evidently, 
therefore ,  biological act ivi ty in compounds of the type here  in question is determined by the presence  of an 

O 
!1 

a -ke toace ty len tc  group, --C--C----C--. 

The compounds (Vb), (VII), and (X-I) show a high fungicidal activity against pathogenic mycetes ,  and 
can kill Trichophyton gypseum and T. r u b r u m  in 5 mtn; compound (IX) was ineffective even af ter  exposing 
the o rgan isms  to its influence for 2 h. 

The biological tes ts  were  ca r r i ed  out in accordance  with the tes t -objec t  method approved by the All-  
Union Sc ien t i f i c -Research  Institute for Disinfection and Steril ization. 
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EXPERIMENTAL 

3 - M e t h y l - l - ( t r i e t h y l s i l y l ) b u t - l - y n - 3 - o l  (iII). A solution of (II) (26 g) in absolute e ther  (30 ml) was 
added to one of ethyl magnes ium bromide (obtained f r o m  4.3 g metal l ic  magnesium, 18 ml of ethyl b romide ,  
and 100 ml of absolute ether}. The mixture  was boiled for  3 h, the resul t ing reac t ion  mass  then t r ea ted  at 
0~ with a solution of acetone (23 ml) in absolute e the r  (20 ml), and finally s t i r r e d  at room t empera tu re  for  
2 h. To isolate the product ,  diluted hydrochlor ic  acid (1 : 3) was added at 0 ~ the resul t ing l aye r s  separa ted ,  
and the aqueous l aye r  r e ex t r ac t ed  with th ree  30-ml  port ions of e ther .  The total e thereal  solution so obtained 
was washed with two 15-ml  port ions of a 5% aqueous solution of sodium bicarbonate  and dried over  anhy- 
drous magnes ium sulfate.  It furnished 30.5 g (87%} of (IID, bp 90-92 ~ (3 mm}, n~~ IR spec t rum,  
2180 cm -1 ( C - C ) ,  3450 cm -1 (OH}. Found %: C 66.35; H 10.9 CllH22SiO. Calculated, %: C66.6; H 11.1. 

3- Methyl- 1- ( tr iethyls Uyl)- 3-buten-  1-yne (IV): The preceding compound (III) (30 g) was t rea ted  with 
4-toluenesulfonic acid (0.4 g) and warmed  in boiling benzene.  The toluenesulfonic acid was then el iminated 
by f i l t rat ion through alumina. The yield of (IV) was 22.4 g (63%}, bp 80-82 ~ (3 mm), n~  ~ 1.4640. 

2 -Me thy l -5 -pheny l - l -pen t en -3 -yn -5 -one  (Vb).* The mixture  assumed a dark  brown color .  After  
s t i r r ing  at the same t empera tu re  for  30 min, 25 ml of diluted hydrochlor ic  acid (1:3} was added at 0 to - 5  ~ 
The resul t ing l aye r s  were  separa ted  and worked up in the cus tomary  manner ,  the e thereal  solution so ob- 
tained being dried ove r  ca lc ium chloride.  This gave 6.05 g (69%} of (Vb), bp 115-117 ~ (1 mm), n ~  ~ 1.5650. 
The 2 s4-dini trophenylhydrazone was an o range -co lo red  mic roc rys t a l l ine  powder,  mp 174-175 ~ (.from etha-  
nol}. The l i t e r a tu re  [5] gives for  this compound, (Vb), bp 110 ~ (0.3 mm}, n ~  ~ 1.5657, 2,4-dini trophenylhy- 

d r a z o n e ,  mp 175 ~ 

2 - M e t h y l - l - h e x e n - 3 - y n - 5 - o n e  (Va}. Yield, 88.7%; bp 46-50 ~ (6 mm); n~  ~ 1.4463. The 2,4-dini t rophen-  
ylhydrazone,  o range-co lo red  mic roc rys t a l l i ne  powder ,  had mp 123-124% Found %: N 18.74; CI4HI4N404; 
Calculated %: N 18.74.  

1 ,4-Bis ( t r ie thy lsUyl ) - l ,3 -butad iyae  (VI). A s t r e a m  of a i r  was passed  for  5 h through a mixture  of 
(II} (22 g}, cuprous chloride (0.42 g}, pyridine (2.4 ml), and methanol (45 ml) kept at 30-35 ~ The reac t ion  
mixture  was then s t i r r e d  for  a fu r the r  8 h and f inal ly decomposed by the addition of an aqueous solution of 
ammonium chlor ide.  The resul t ing  l aye r s  were  separa ted ,  and the aqueous l ay e r  ex t rac ted  with e ther .  The 
ex t rac t ,  dr ied over  anhydrous magnes ium sulfate,  furnished 13.3 g (71%} of (VI), bp 144-145 ~ (1 mm}, n~  ~ 
~.5040. The l i t e r a tu re  [4] gives bp 139-140 ~ (0.4 ram}, n ~  ~ 1.5040. 

5 - P h e n y l - l - ( t r i e t h y l s i l y l ) - l , 3 - p e n t a d i y n - 5 - o n e  (VIIb}. A mixture  of (VI) (10 g), benzoyl chlorid~ (4.5 
ml), and methylene dichloride (12 ml) was added at 0 ~ to one of aluminum t r ich lor ide  (5.2 g) and methylene 
dichloride (25 ml}. The reac t ion  mixture ,  which assumed  a dark  brown color ,  was s t i r r e d  at the same t e m -  
pe ra tu re  for  a fu r the r  30 min and then decomposed by the addition of diluted acid at 0 to - 5  ~ After  working 
up in the usual way, the final e ther  ex t rac t s  were  dr ied  ove r  ca lc ium chloride.  The solvent was removed  in 
a vacuum to give a res idue  (14.3 g) of crude (VIIb). This product  was purif ied by p repara t ive  chromatog-  
raphy using s i l i ca  gel containing 13% calc ium sulfate; the adsorbent  was of mesh  grade 0.125~, and the so l -  
vent s y s t e m  employed was hexane/-benzene (1 : 1), Rf  0.83. By this means 4 g of the crude mater ia l  fur -  
nished 1.62 g (60.5~o) of (VIIb), n~  1.5380, IR spec t rum,  2180 cm -I (-C =-C-)  and 1735 cm -1 (C =0). Found 
%: C 76.86; H 7.5. C1yH20OSi. Calculated %" C 76.1; H 7.46. The 2,4-dini t rophenylhydrazone had mp 193- 

195 ~ . 

1 - (Tr i e thy l s i ly l ) - l , 3 -hexad iyn-5 -one  (VHa). This compound was obtained in 73% yield,  n~  ~ 1.4750, 
Rf  0.75. FoundS0: C 67.35; H 8.7. C12H18OSi. (~alculated%: C 69.9; H 8.74. The 2 ,4-dini t rophenylhydra-  
zone had mp 133-135 ~ 

5-Phenyl -  1- ( t r i e thy l s [ ly l ) - l ,3 -  heptadiyn-5-ol  (VIII}. Unpurified (VIIb) (14.3 g} was t rea ted  at 20 ~ with 
a solution of ethyl magnes ium bromide  (obtained f r o m  1.9 g metal l ic  magnesium, 12.3 ml ethyl b romide ,  and 
100 ml of absolute e ther) .  The mixture  was s t i r r e d  at this t empera tu re  for  1 h, then cooled to 0 ~ and t r ea ted  
with diluted hydrochlor ic  acid (1 : 3). The resul t ing l a y e r s  were  separa ted  and, a f te r  the cus tomary  work-  
up p rocedure ,  the e therea l  l a y e r  was dr ied  ove r  anhydrous magnesium sulfate.  This gave 6.27 g of (VIII); 
the yield was 58.4% calculated on the compound (VI}; bp 175-178 ~ (1 ram), n ~  ~ 1.5500. IR spec t rum,  2105 
cm -1 ( - C  ~ C - )  and 3400 cm -1 (OH). Found %: C 77.1; H 8.6. C19H26OSi. Calculated %: C 76.5; H 8.7. 

5 - P h e n y l - l - ( t r i e t h y l s i l y l ) - 5 - h e p t e n - l , 3 - d i y n e  (IX}. The preceding compound (VIII) (6.27 g) was 
t r ea ted  with 4-toluenesulfonic acid (0.1 g) and warmed  in boiling benzene.  The toluenesulfonic acid was then 

*Por t ion  oTtext  missing in Russian original  - P u b l i s h e r .  
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eliminated by filtration through alumina. The crude product so obtained was purified by chromatography 
through aluminum oxide of grade II activity followed by elut[on with hexane. This gave (IX) (5.5 g, 83.5%), 
n~ ~ 1.5710, IR spectrum, 2180 cm -I ( -C-~C- ) .  Found ~c: C 81.9; H 8.4. C19H24S[. Calculated %: C 81.6; 
H 8.56. 
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